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ABSTRACT 

The  effect  of  cholinolytic  and  oxime  (2  mg  atropine  +  600  mg  pralidoxime)  therapy  on 
temperature  regulation  was  evaluated  in  8  subjects  wearing  chemical  warfare  protective 
clothing  (MOPP-level  IV).  Subjects  were  tested  in  two  environments:  35°C,  60%  rh 
and  13°C.  44%  rh  during  very  light  physical  activity  (1*2  Met)  over  a  six  hour  period 
after  receiving  drug  or  saline  control.  Sweating  was  suppressed  approximately  40% 
(p<0.05)  by  atropine  and  pralidoxime.  and  heart  rate  increased  approximately  30 
beats*min~l  with  drug  treatment.  At  13°C,  all  eight  subjects  completed  350  minutes 
of  exposure  in  both  drug  and  control  experiments.  Exposure  time  was  limited  at  35°C. 
however,  averaging  213  (±30)  min  in  control  and  190  (±38)  min  in  drug  experiments. 
Rectal  temperature  (T  )  averaged  38.24°C  in  both  treatments  when  subjects  terminated 
their  exposure  at  35°C.  Mean  skin  temperature  averaged  37.42°C  for  both  groups  at 
termination.  T  was  unaffected  by  treatment  at  13°C  averaging  36.92°C  (±0.15)  in 
control  and  36.74  (±0.10)  in  drug  experiments.  T#k  was  unaffected  by  treatment 
averaging  33.10°C  (±0.34)  and  33.05°C  (±0.57).  respectively.  The  treatment  of 
subjects  with  atropine  and  pralidoxime  when  wearing  chemical  protective  clothing  does 
not  adversely  affect  the  length  of  time  individuals  can  remain  in  a  cool  environment 
during  very  light  work.  However,  the  wearing  of  chemical  protective  clothing  will 
decrease  exposure  time  significantly  (’40%,  p<0.05)  in  both  control  and  drug  treated 
subjects  in  a  warm  environment. 

Key  words:  anticholinergic,  oxime,  protective  clothing,  thermoregulation 


INTRODUCTION 

The  length  of  time  an  individual  can  work  in  the  heat  is  reduced  by  both  the 
wearing  of  protective  clothing  (5.6)  and  also  by  the  administration  of  cholinolytic  drugs 
such  as  atropine  (3,7.8,10).  Protective  clothing  systems  compromise  thermoregulatory 
heat  loss  mechanisms  by  limiting  the  transfer  of  heat  from  the  body  surface  via  the 
biophysical  properties  of  convection  and  evaporation.  Cholinolytic  or  anticholinergic 
drugs,  of  which  atropine  is  the  classic  example  with  almost  pure  muscarinic  action 
(15).  decrease  sweat  secretion  and  therefore  decrease  evaporative  heat  loss  (3.7.8.10). 
In  addition,  atropine  is  associated  with  increased  skin  blood  flow,  which  can  decrease 
heat  gain  from  or  increase  heat  loss  to  the  environment,  depending  on  the  ambient 
temperature  (8.9).  Pralidoxime  chloride,  an  oxime,  reactivates  bound 
acetylcholinesterase  allowing  normal  synaptic  function  (14).  The  combination  of 
atropine  and  pralidoxime  treatment  generally  results  in  similar,  albeit,  slightly 
exacerbated  effects  on  sweating  and/or  skin  blood  flow  than  that  seen  with  atropine 
administered  independently  (4.11.12.13).  that  is,  decreased  time  of  exposure  to  a  hot 
environment. 

In  the  present  investigation  we  have  examined  subjects  treated  with  atropine 
sulfate  and  pralidoxime  chloride  while  wearing  chemical  protective  clothing  (MOPP-IV) 
to  characterize  the  combined  effect  of  chemical  protective  clothing  and  environmental 
stress  under  cholinolytic  and  oxime  therapy.  It  was  hypothesized  that  the  effects  of 
atropine  and  pralidoxime  on  thermoregulatory  responses,  such  as  decreased  sweating 
and  increased  heat  storage,  would  not  be  as  marked  when  wearing  chemical  protective 
clothing  as  the  clothing  itself  is  deleterious  to  the  completion  of  tasks  in  warm  to  hot 
environments.  A  very  light  work  intensity  was  used  to  simulate  tasks  performed  by 
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soldiers  in  rear  areas  (i.e.  support  or  administrative)  which  are  susceptible  to  NBC 
(nuclear,  biological  or  chemical)  attack. 

METHODS 

Eight  healthy  men  consented  to  serve  as  subjects  following  approval  of  all 
procedures  by  the  local  human  review  committee.  The  mean  (^SD)  age  was  20  ^  3 
yr.  height  174  £  5  cm.  weight  73  £  9  kg,  DuBois  surface  area  1.88  ±  0.15  m^. 
percent  body  fat  15.5  ±  4.5  %  and  tfOj  max  3.98  ±  0.48  (•min'*.  The  eight 
subjects  were  tested  on  four  separate  days:  after  the  intramuscular  injection  of  2  mg 
atropine  sulfate  (Elkin-Sinn.  Cherry  Hill.  NJ)  and  600  mg  pralidoxime  chloride  (Ayerst. 
NY. NY)  and  after  equal  volumes  of  sterile  saline  injected  intramuscularly  (anterior 
thigh)  while  wearing  Mission  Oriented  Protective  Posture.  Level  IV  (MOPP-IV: 
clo=2.44:  im=0.30)  in  35°C.  24°C  dew-point  (rh=54%)  and  13°C.  1°C  dew-point 
(rh=44%)  environments.  The  testing  order  for  drug  administration  and  environmental 
condition  was  counterbalanced,  thus  during  each  exposure  at  35°C.  four  subjects  were 
treated  with  atropine  and  pralidoxime  and  four  were  completing  their  control  exposure. 
In  this  way,  the  effect  of  previous  environmental  exposure  or  drug  treatment  could  be 
accounted  for. 

Subjects  were  fully  oriented  to  all  test  procedures  in  the  week  before  the  first 
test  day.  Test  days  were  separated  by  72  hours  to  prevent  carryover  from  the  various 
drug  treatments  or  environmental  stress.  On  the  day  of  the  experiment  the  subject 
reported  to  the  test  chamber  at  0730  h  after  a  light  breakfast.  Prior  to  dressing,  each 
subject  was  instrumented  for  rectal  temperature  measurement  (10  cm  past  the  anal 
sphincter)  and  a  three  site  mean  weighted  skin  temperature  (arm,  chest  and  calf.  ref. 
2).  He  dressed  in  the  chemical  protective  clothing  system  (MOPP-IV)  before  resting  in 


a  seated  position  for  0.5  h.  Heart  rate  was  measured  by  telemetry  from  chest  leads 
and  whole  body  water  loss  (sweating)  was  calculated  from  the  change  in  body  weight 
before  and  after  the  subject  entered  the  test  chamber,  corrected  for  water  ingested, 
urine  excreted  and  water  trapped  in  the  uniform.  Unevaporated  sweat  (E<jrjp)  was  not 
measured. 

After  a  30  minute  period,  the  physician  injected  the  appropriate  drug  regimen. 
On  each  test  day  each  subject  received  3  separate  injections,  a  total  fluid  volume  of  7 
ml  (either  1ml  s  2  mg  atropine  sulfate  and  2  x  3ml  =  600  mg  pralidoxime  chloride  or 
lml  +  3ml  +  3ml  sterile  saline).  Subjects  were  not  informed  of  the  drug  injected  at 
the  time  of  administration.  However,  within  15  to  20  minutes  the  effects  of  atropine 
such  as  dry  mouth  and  increased  heart  rate  are  apparent,  so  the  experiment  was  not 
“blind". 

The  subjects  entered  the  test  chamber  immediately  after  they  received  the  three 
injections,  they  remained  seated  for  the  first  half  hour  followed  by  approximately  1.5 
hours  of  walking,  standing  or  sitting  as  they  filled  out  questionaires.  participated  in 
vision  testing,  evaluation  of  markmanship  skills  and  performed  tests  of  dexterity.  The 
energy  expended  while  accomplishing  these  tasks  was  1-2  Met  or  approximately  100-150 
W.  The  thirty  minute  seated  period  corresponded  to  the  time  course  necessary  for 
intramuscularly  injected  atropine  to  reach  sufficient  plasma  levels  to  elicit  the  required 
anticholinergic  symptoms  (1).  The  total  chamber  time  attempted  for  each  experiment 
was  6  hours,  as  the  above  cycle  of  rest  and  light  exercise  was  repeated  three  times. 

Analysis  of  variance  routines  with  repeated  measures  were  used  for  data  collected 
at  0.  30.  60.  120,  240  and  300  minutes  of  exposure.  Tukey's  test  of  critical 
differences  was  used  whenever  a  significant  F-ratio  appeared.  Data  in  the  RESULTS 
are  presented  as  mean  ±  SD.  All  differences  are  significant  at  p<0.05. 
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RESULTS 

The  mean  temperature,  heart  rate  and  sweating  rate  data  for  the  eight  subjects 
wearing  MOPP-IV  uuring  exposure  to  13°C  (cool  environment)  and  35°C  (warm 
environment)  are  presented  in  Tables  1  and  2.  respectively.  The  administration  of 
atropine  and  pralidoxime  increased  heart  rate  an  average  of  27  b*min‘*  (p<0.05)  in 
both  the  cool  and  the  warm  environment  by  30  minutes  post-injection.  Whole  body 
sweating  was  decreased  by  "40%  (p<0.05)  in  the  warm  environment  by  cholinolytic 
and  oxime  therapy.  All  eight  subjects  completed  the  six  hour  exposure  in  the  cool 
environment  after  saline  and  atropine/pralidoxime  injections.  However,  neither  the 
saline  treated  or  atropine/pralidoxime  treated  subjects  could  complete  the  six  hour 
exposure  in  the  warm  environment.  The  average  exposure  times  for  subjects  in  the 
warm  environment  were  213  (£30)  min  in  saline  and  190  (£38)  min  in  the 
atropine/pralidoxime  experiments,  which  were  significantly  less  (p<0.05)  than  the  350 
min  for  both  treatments  in  the  cool  environment,  but  not  different  from  each  other.  In 
the  warm  environment,  the  average  rectal  temperature  was  38.24°C  for  both  drug  and 
saline  experiments  and  the  average  mean  weighted  skin  temperature  was  37.42°C  when 
the  subjects  terminated  their  exposure.  Rectal  temperature  decreased  with  time  of 
exposure  in  both  saline  and  atropine/pralidoxime  MOPP-IV  experiments  in  the  cool 
environment  (p<0.05).  Mean  skin  temperature  was  constant  over  time  for  both 
treatments  at  13°C  averaging  33.10°C  and  33.06°C  for  control  and  drug  experiments, 
respectively.  In  the  warm  environment,  heart  rate  remained  elevated  and  both  T  and 

1  C 

T#k  were  higher  during  exposure  in  atropine/pralidoxime  compared  to  control  (p<0.05). 
T^k  and  Tfe  were  higher  in  the  warm  than  the  cool  environment  for  both  control  and 
atropine/pralidoxime  treatments  (p<0.05). 

DISCUSSION 
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The  present  study  provides  evidence  that  subjects  treated  with  a  combination  of 
atropine  sulfate  and  pralidoxime  chloride  in  equal  volume  to  that  contained  in  the 
I  MARK-1  field  autoinjector  (self-administered,  field  use.  chemical  warfare  treatment 

regimen)  can  perform  light  duty  tasks  for  six  hours  dressed  in  MOPP-IV  in  a  cool 
environment.  A  problem  arises  when  subjects  wearing  MOPP-IV.  either  treated  with  a 

i 

!  combination  of  atropine  and  pralidoxime  or  not.  are  exposed  to  a  warm  environment. 

!  In  this  case,  even  without  drug  therapy,  light  work  in  a  warm  environment  was 

i 

decreased  by  an  average  of  2.5  hours  ("40%).  When  atropine  and  pralidoxime  were 
administered  to  the  subjects  dressed  in  MOPP-IV,  exposure  time  in  this  warm 
>  environment  (35°C)  was  further  decreased  (but  not  significantly)  by  approximately  25 

minutes  compared  to  the  MOPP-IV  exposure  without  drug  therapy.  These  observations 

I 

j  demonstrate  the  importance  of  microclimate  cooling  for  rear  area  personal  wearing 

j  chemical  protective  clothing  in  warm  environments. 

i 

The  limitations  to  exposure  to  environmental  heat  stress  imposed  by  the  chemical 
protective  clothing  layer  have  been  studied  previously  (6)  and  the  expected  heat  gain 
.  from  the  environment  occurred  in  the  present  study  even  with  a  very  low  endogenous 

j  (metabolic)  heat  production.  In  addition,  the  results  of  the  present  study  are  in 

i 

j  agreement  with  some  of  our  previous  observations  (7,10)  in  that  whenever  there  is  a 

[  requirement  for  significant  evaporative  heat  loss  to  maintain  thermal  equilibrium,  the 

treatment  of  subjects  with  atropine  and/or  pralidoxime  resulted  in  decreased  exposure 
time:  although  this  decrease  was  not  statistically  significant  in  the  present  study,  it 
J  may  be  operationally  significant.  Any  such  barrier  to  evaporative  heat  loss,  which 

;  would  include  the  clothirg  layers  provided  by  the  chemical  protective  garment  affected 

S  exposure  time  in  a  similar  manner. 
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Exposure  to  the  cool  environment  in  the  present  study  did  not  cause  significant 
thermal  strain  as  evidenced  by  the  moderate  skin  temperature  and  falling  rectal 
temperature  during  exposure.  Thus,  these  subjects  had  little,  if  any.  requirement  for 
evaporative  cooling  so  that  reduced  secretion  of  sweat  in  the  atropine/pralidoxime 
treatments  was  of  little  consequence.  In  fact,  cooling  occurred  along  the  thermal 
gradient  from  the  skin  surface  through  the  uniform.  During  exposure  to  the  warm 
environment,  heat  gain  initially  occurred  through  the  uniform  to  the  skin  surface 
resulting  in  elevated  core  temperature.  Sweating  occurred  but  was  not  associated  with 
adequate  evaporative  heat  loss,  the  skin  surface  temperature  increased  as  surface 
vessels  dilated  in  an  attempt  to  dissipate  heat.  Unfortunately  in  the  35°C 
environment,  dry  heat  exchange  was  minimized  and  evaporative  heat  loss  was  decreased 
by  the  clothing  barrier,  thus  heat  storage  continued  and  exposure  time  was  affected. 
In  the  atropine  treated  subjects,  heat  gain  through  the  skin  surface  occurred  initially 
causing  an  increased  core  temperature.  Sweating  was  inhibited,  thus  even  less 
evaporative  heat  loss  was  possible.  The  surface  vessels  dilated  (8.9)  but  little  heat 
was  transferred  from  the  body  surface  to  the  environment.  Heat  storage  continued  and 
as  in  the  control  experiments,  exposure  time  was  limited  compared  to  the  cool 
environment. 

Based  on  heart  rate  responses  the  effect  of  atropine  was  evident  by  30  minutes 
post-injection,  as  is  the  normal  response  (1.15).  During  exposure  to  a  cool 
environment,  the  heart  rate  returned  to  normal  by  120  minutes,  which  is  consistent 
with  the  metabolism  of  the  drug  (1).  In  a  hot  environment,  heart  rate  remained 
elevated  throughout  the  exposure,  even  as  atropine  (primarily  responsible  for  the  cardiac 
acceleration)  was  metabolized.  The  increased  skin  and  core  temperatures  resulting  from 
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the  anticholinergic  action  at  the  sweat  gland  and  cutaneous  blood  vessels,  was  not 
reversed  in  subjects  dressed  in  chemical  protective  clothing  even  though  the  action  of 
the  drug  was  reduced  as  it  was  metabolized.  Thus,  a  higher  cardiovascular  strain  as 
evidenced  by  the  elevated  heart  rate  continued  throughout  the  entire  interval  of  heat 
exposure. 

In  the  warm  environment,  the  rate  of  heat  storage  ih  the  atropine/pralidoxime 
subjects  was  2  times  greater  (Table  2)  than  the  control  experiments  due  to  prevention 
of  evaporative  heat  loss  resulting  from  the  inhibition  of  sweat  gland  secretion  in  the 
light  of  increasing  core  and  skin  temperatures  seen  by  60  minutes.  However,  even  in 
the  saline  experiments,  heat  gain  from  the  environment  caused  rectal  temperature  to  be 
approximately  0.7°C  higher  by  120  minutes  and  1.4°C  higher  by  180  minutes  of 
exposure  than  in  the  cool  exposure. 

The  current  study  involved  little  internal  or  metabolic  heat  production  from  the 
subjects,  and  the  results  presented  here  impact  directly  to  very  light  work  rates.  In 
this  example,  subjects  can  continue  heat  exposure  for  approximately  3  hours  in  a  warm 
environment  after  atropine  and  pralidoxime  have  been  injected.  Since  heat  production 
is  proportional  to  metabolic  rate,  by  increasing  heat  production  through  walking  on  a 
treadmill  at  350W  or  3.5  Met.  core  temperature  will  increase  and  combined  with  heat 
gained  through  the  skin  surface,  could  limit  exposure  to  approximately  an  hour  based 
on  data  collected  from  previous  studies  of  atropine  and  heat  exposure  (7).  In 
summary,  if  individuals  dressed  in  chemical  protective  clothing  ensembles  are 
administered  cholinolytic  and  oxime  therapy,  meaningful  exposure  time  to  an 
environment  will  depend  on  the  work  intensity  and  the  environmental  conditions. 
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Table  1.  Mean  SD)  rectal  and  akin  temperatures,  heart  rates  and  sweating  rates  in 
8  subjects  during  exposure  to  a  cool  environment  fl3°C)  while  wearing  mission  oriented 
protective  posture  (MOPP-IV).  Atropine  and  praliaoxime  were  administered  at  time  = 
0. 


CONTROL  ATROPINE 


Time 

Tre 

T.k 

HR 

Etot 

Tre 

T.k 

HR 

Etot 

(min) 

(°C) 

(°C) 

(b/min) 

(g/min) 

(°C) 

(°C) 

(b/min) 

(g/min) 

0 

37.32 

33.58 

84 

37.14* 

33.66 

95* 

(.28) 

(.72) 

(9) 

(.28) 

(.76) 

(21) 

30 

37.10# 

33.73 

71# 

36.91*# 

33.96 

98*# 

(.28) 

(.49) 

(11) 

(.31) 

(.55) 

(9) 

60 

37.03# 

33.20 

94# 

36.78*# 

33.46 

106# 

(.26) 

(.43) 

(17) 

(.31) 

(.76) 

(6) 

120 

37.01# 

33.02 

80 

36.74*# 

32.88# 

87 

(.30) 

(.56) 

(9) 

(31) 

(.91) 

(11) 

180 

36.88# 

32.86 

73# 

36.64# 

32.89# 

78 

(.18) 

(.57) 

(16) 

(.15) 

(79) 

(1*) 

240 

36.81# 

32.91 

64 

36.70# 

32.73# 

74 

(.14) 

(.44) 

(13) 

(19) 

(97) 

(17) 

300 

36.70# 

32.85 

75 

V 

36.67# 

32.36# 

72 

rj 

(.20) 

(.54) 

(10) 

(.07) 

(1.06) 

(11) 

77  data  on  all  subjects  was  not  available. 

•  Different  from  control.  p<0.05 

#  Different  from  0  minutes,  p<0.05. 
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Table  2.  Mean  (£  SD)  rectal  and  skin  temperatures,  heart  rates  and  sweating  rates  in 
8  subjects  during  exposure  to  a  hot  environment  (35°C)  while  wearing  mission  oriented 
protective  posture  (MOPP-IV).  Atropine  and  pralidoxime  were  administered  at  time  = 
0. 


CONTROL  ATROPINE 


Time 

Tre 

T.k 

HR 

E«o« 

T™ 

Tsk 

HR 

E.ot 

(min) 

(°C) 

(°C) 

(b/min) 

(g/min) 

<°C) 

(°C) 

(b/min) 

(g/min) 

0 

37.14 

(18) 

34.41 

(.49) 

81 

(17) 

37.13 

(.24) 

34.55 

(.23) 

92 

(14) 

30 

37.00 

(.13) 

35.83# 

(.31) 

81 

(17) 

36.99 

(.24) 

36.32# 

(.23) 

108* 

(14) 

60 

37.13 

(.14) 

35.87# 

(.35) 

109 

(.25) 

37.35*#  36.82*# 
(.22)  (.42) 

131*# 

(16) 

120 

37.68# 

(11) 

36.76# 

(35) 

111# 

(17) 

38.23*#  37.44*# 
(.25)  (.32) 

139*# 

(12) 

5.6* 

(2.4) 

180 

38.24# 

(.18) 

37.39# 

(35) 

128# 

(30) 

8.8 

(1.9) 

•  Different  from  control.  p<0.05. 

#  Different  from  0  minutes.  p<0.05. 
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